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·There is quite a peculiar and counter-intuitive 
phenomenon called "charge inversion" or "over-
screening", which is attributed to nonlinear De-
bye screening in a strongly-coupled Coulomb 
system of multi-ion species. In the phenomenon, 
a macroion attracts electrostatically more num-
ber of opposite-sign ions than are required to 
neutralize it, resulting in drastic inversion of 
the charge sign of the formed macroion complex. 
Such phenomena are attracting much attention 
in the area of soft condensed matters (SCM) in 
recent years [2,3]. 
Here, we have performed a series of molecu-
lar dynamics simulations to examine the charge 
inversion phenomena. As the first model of the 
study, we used the overall charge-neutral system 
consisting of an immobile macroion surrounded 
by the electrolyte of multivalent counterions and 
monovalent co ions [3]. 
In a short time (typically, < a few nanosec), 
counterions are adsorbed on the macroion sur-
face in the amount much exceeding the neutral-
ization requirement, thus effectively inverting 
the sign of the macroion charge, as shown in the 
bird's-eye view of Fig.1 and the charge distribu-
tions of Fig.2. We found two conditions neces-
sary for charge inversion, namely, (i) counterions 
must be multivalently charged and (ii) Coulomb 
interactions must be strong enough compared to 
thermal energy. 
On the other hand, coion condensation on 
the multivalent counterions similar to the Bjer-
rum pairing is the major factor that restricts 
the amount of charge inversion. Depending on 
parameters, we observe inverted charge up to 
about 200% the original charge of the macroion 
in absolute value. The inverted charge scales 
as rv ( 112 when ( < 1 and crosses over to rv ( 
for ( > 1, where ( = (A0 /r8 ) 2 , rs is the De-
bye screening length in the electrolyte and A0 is 
the distance between adsorbed counterions un-
der neutralizing conditions. We have confirmed 
that these findings are consistent with the the-
ory of "giant charge inversion" [2]. 
Figure 1: A macroion (charge Q0 = - 30e, 
radius Ro = 3a) and surrounding counterions 
(light grey spheres, + 7 e) and co ions (dark grey 
spheres, - e). The shielding atmosphere is pre-
dominantly counterions. 
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Figure 2: (a) Charge distributions of counte-
rions (open bar) and co ions (shaded bar), (b) 
integrated charge distribution, against the dis-
tance from the macro ion center. 
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